within reasonable space a comprehensive review of all investigation in tumor immunity, so that in the attempt to furnish an adequate explanation of the phenomena relating to tumor immunity, such data as appear to bear directly on the subject will be discussed and correlated as far as possible.
RESISTANCE TO SPONTANEOUS TUMORS
The individual who is without any form of tumor may in a certain sense be regarded as immune, and the mechanism for regulating the growth of tissue as one of immunity. The normal individual may, however, develop a tumor at any time and, with the limitation of active growth to a relatively small group of cells, it appears improbable that there is any abnormality of the growth regulating mechanism but rather a local derangement of the group of tissue cells from which the tumor arises. This view is supported in that Haaland has observed that tumors may be trmsplanted to a normal animal as readily as to one in which a tumor has developed and also in that it is found that young healthy animals are more favorable to the growth of implanted 125 tumor than older ones. Since natural resistance, once a malignant tumor has become established, appears to be usually ineffective, many attempts have been made to increase it through various artificial procedures.
Recovery from a tumor which has shown malignant characteristics is rare. A number of such recoveries have, however, been recorded and incomplete excision has in a few rare instances been followed by complete cure. That there is als? spontmeous recovery from certain border line conditions appears pr 3bable. Evidence of locsl diszppearance of tumor is more frequently met with-for example a scirrhous carcinoma of the breast may disappear in certain regions while actively growing in others.
The histological study of tumors also discloses reactions of the surrounding tissue, some of which are unquestionably favorable, others, distinctly unfavorable to the growth of the tumor tissue. Certain uterine carcinomata, for example, excite a pronounced infiltration of eosinophiles and in such cases the reactionary tissues may exceed in amount the essential tissue of the tumor.' Certain carcinomata of the lip, as well as the border line conditions in this region, show marked inflammation in the tissue near the abnormal epithelium and dcgenerative changes in the conti. uous connective tissue are frequently prominent. In other instances proliferative changes i:i the supporting tissues are most marked. This is seen in adenomata of the breast and in the papillary tumors of the ovary. The proliferation may be present in such a degree as to give the appearance of mixed tumor or of sarcoma. Such a degree of Connective tissue proliferation has attended the transplantation of certain carcinomata in mice as to constitute a t first :t mixed tumor and later on, after the elimination of the epithelial elements, a sarcoma. Thus Ehrlich, Loeb, and Haaland have each produced sarcomata experimentally by the inoculation of epithelial tumors. With certain carcinomata a dense scar-like tissue is formed which tends to bring about the atrophy and dis-
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Reaction of tissues to tumor.
appearance of the tumor epithelium through pressure and interference with nutrition. Accordingly it is possible to distinguish a great variety of reactions on the part of the supporting tissue in response to the influence of tumor cells. Some are distinctly antagonistic, others indifferent, others favorable to the growth of the tumor. It is obvious that unless the neoplastic tissue is of such nature as to stimulate a reaction in some degree favorable to its support and nutrition, its continued growth will be impossible. Such reactions furnish definite evidence of the biological variation of the tumor from the somatic tissue from which it arises, a subject which will be further discussed later on.
In the distribution of metastases there is considerable evidence of organa1 immunity. Certain organs may be free from secondary tumors in cases in which there is every indication of a general dissemination of the tumor cells, and emboli of tumor cells have been found undergoing degeneration. Certain tumors are widely distributed in certain tissues-for example, lymphomata which grow profusely throughout the lymphoid tissue-while other tissues are for the most part exempt from invasion. On the other hand, epidermoid carcinomata are observed which, while infiltrating the tissues diffusely, are at the same time being reduced to inert masses of cornified epithelium wherever their cells have lodged in the lymph-nodes. However, on the whole, it is impossible to ascertain in most cases whether the distribution of the tumor is determined by its biological peculiarities with respect to the invasion of vessels or by the unfavorable conditions furnished it by certain organs and tissues. Adequate vascularization is probably an essential factor in the nutrition of most tumor metastases.
A more definite knowledge of the principles governing organ or tissue exemption from metastasis will be acquired when the experimental method is more generally applied, and animal tumors, since they are available in considerable numbers, sre suitable for this prob!em.
The opinion has been expressed that metastasis is to some extent governed by the resistance of the individual. Sticker recognizes a prs-metastatic period in the growth of tumors during Relation of resistance to metastasis. which the resistance of the body is sufficient to destroy all cells which may enter the circulrttion. Gay, on finding that a certain proportion of rats bearing the FlexnerJobling tumor recovered if reinoculated during this period, adopted Sticker's views in the explanation of his results. The author has found that by the forcible manipulation of a tumor of the Japanese waltzing mouse, metastases may be produced experimentally and it is not only possible in this way to reduce artificially the premetastatic period but also, by ascertaining the time required for the tumor emboli to become visible nodules, to show that the natural premetastatic period is actually considerably shorter than it had appeared.
It has been repeatedly phown that animals, on developing tumors from transplants, frequently become more unfavorable to the growth of subsequent implants. Although it is not improbable that the presence of a local tumor may stimulate a reaction which is unfavorable for the development of tumor emboli, experimental evidence of this is lacking, and the peculiarities of the individual tumor with respect to its ability to disseminate its cells should be taken into consideration. Tumors which metastasized in the individuals in which they originated have a greater tendency than others to metastasize during propagation.
Certain points with respect to conditions governing the growth of tissues are readily determined in human beings. The following observations were made with respect to the persistance of transplants of the abnormal tissue in myelogenous leukaemia and Hodgkin's disease during the course of certain procedures that were undertaken by the members of the staff2 of the Huntington Hospital with the view of testing the efficacy of autologous vaccination which was at that time on trial in the treatment of tumors.
Myelogenous leukaemia
Case C. I. 12. 6. This patient, a woman 37 years of age, showed marked enlargement of the spleen and a white count varying from 91,000 to 496,000 while under observation; duration at least two years.
June 3, 1912. A cubic centimeter of leucocytes collected from citrated blood was in j ec ted subcutaneously.
June 5, 1912. Slight tenderness and induration at site of inoculation. This had entirely disappeared a t the time of the next observation several days later.
Larger quantities of leucocytes were employed in subsequent injections-15 cubic centimeters being used in one instance-but these were always quickly absorbed.
June 29, 1912. One cubic centimeter of blood was drawn from a vein and injected immediately beneath the skin of the upper arm.
June 30, 1912. The blood had been almost wholly absorbed and there was no discoloration present.
Hodgkin's disease Case I . 12. @. A girl, seventeen years of age, with enlargement of the glands of the neck, axilla, and mediastinum; duration of disease, 43 years.
A small portion of this was immediately inoculated subcutaneously near the insertion of the deltoid muscle by means of a trochar. Following thia the implant was palpable and the overlying skin slightly reddened.
March 13, 1912 . No reddening and the implant had diminished in size.
March 19, 1912. No trace of the implant remained.
March 10, 1912. A small nodule was excised for diagnosis.
These observations show that the abnormal cells in these two diseases do not find the conditions furnished by the subcutaneous tissues favorable for their development.
Diagnostic tests and curative sera. A considerable portion of the work on immunity to spontaneous tumors has been done in connection with human cases and falls naturally into two divisions; first the reactions which might serve as diagnostic or prognostic tests, and second, measures which have been carried out ~i t h the view of effecting a cure by some general form of treatment. Among the proposed diagnostic methods may be mentioned Freund's reaction, the meiostagmin reaction, the hemolysis test, Abderhalden's test, the cobra venom test, and complement fixation. As possible curative agents trypsin, sera from resistant human cases, living tumor used as an autologous vaccine, tumor extracts and cell ferments, dried animal tumors, and the transfused blood of normal individuals have been employed. Since the various tests each require separate consideration no discussion of them will be undertaken. It is notable, however, that up to the present time these have in general been found either unreliable or unpractical. The general failure of the long list of therapeutic measures for which claims have been made is also a matter of common knowledge.
IMMUNITY TO TRANSPLANTED TUMOR TISSUE
The subject of immunity t o transplanted tumor tissue has been extensively investigated. Although the transplanted tumors of rats and mice are especially favorable for experimentation, there has been more or less discrepancy in the results obtained by different investigators. Explanation for this is found both in differences in the biologjcal character of the various tumors employed as well as in differences in the character of the animals with which these are tested. Russell has employed in his investigations a great number of tumors, the immunizing qualities of which be has determined by testing them upon mice of the same breed with adequate controls with respect to age and weight. The author has attacked the problem from the diametrically opposite side and has tested the reaction of different varieties of mice to a single tumor. Thus while in the experiments of one a stock of tame mice was taken as the indifferent or constant and the tumor as the variable factor, in the experiments of the other a single tumor served as the constant and different varieties of mice and their hybrids as the variables.
Immunity to transplanted tumor has as its basis the reaction of the organism to a foreign cell. It has been shown that animals treated with normal cells may manifest an increased resistance t o implanted tumor and also that animals treated with tumor tissue msy subsequently show pronounced immunity to the same tumor or to other tumors. The condition of resistance to implantation of various types of tumors by the previous injection of a single tumor has been termed panimmunity by Ehrlich. Differences in the immunizing qualities of various tumors has been definitely established by Russell, who has found that in general the poorly growing tumors serve as
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the more "efficient antigens." Loeb, Haaland, and the author have each shown that tumors may be readily reimplanted in the individuals in which they arise: autoplastic grafting. When a tumor is transferred to other individuals of the same race a variable number of failures of growth usually occurs, and greater difliculty is encountered in the successful implantation of tumor tissue in other races and varieties : homoioplastic grafting. Practically invariable failu:.e follows the implantation of tumor in other species : heteroplastic grafting. The degree of the immunity which develops thus depends apparently on the foreignness of the immunizing cell with respect to, the organism into which it is introduced. The more foreign cells accordingly serve as the more effective and the more closely related cells as the less effective antigens.
Antigen. Immunity to tumor tissue is evidently excited by some subtle product of cell metabolism eliminated in small amount, but over considerable periods of time. Repeated attempts have been made to immunize with dead tumor or other tissue products, but notwithstanding several unconfirmed reports of success such procedures have in general proved unsuccessful. The great majority of those who have investigated the subject have thus found that the injection of living cells is essential in the production of immunity. While such treatment may serve to prevent the growth of subsequently implanted tumor, it does not bring about the retrogression of established tumors. The regression of implanted tumors of large size may, however, occur spontaneously, and the animals are then immune to further implantation. Tumors have been found which grow in practically 100 per cent on implantation but which subsequently all retrogress if left for a sufficiently long time.
When a tumor such as the carcinoma (J. w. A.) of the Japanese waltzing mouse is implanted into a series of common mice, i.e., into individuals of an alien race, its continued growth is invariably prevented. If these mice are killed at differsnt intervals after inoculation and a histological study is made of the implants and the surrounding tissue, it is found that the tumor grows for a
Histology of the tissue reactions to transplanted tumor.
period of six or seven days as readily as in the Japanese waltzing mouse, the variety in which it originated and in which implants invariably continue to grow. During this time the common mouse provides stroma and blood-vessels for the implant. At the end of this period, an inflammatory reaction appears evidently as the result either of a slight injury to the surrounding tissue or of some chemotactic substance, and the cellular exudate accumulates in amount sufficient to interfere with the blood supply and to isolate the tumor from all healthy supporting tissue so that its destruction is accomplished. If common mice in which this reaction has taken place are subsequently reinoculated with the same tumor, the inflammatory reaction appears several days earlier and the implant is thus disposed of much more promptly than in similar untreated common mice. Such nonsusceptible common mice are not, therefore, strictly speaking, naturally immune, but develop an immunity which first manifests itself six or seven days after inoculation. They thus develop a quality not present in the untreated mice, in other words an active immunity. Non-susceptibility versus immunity. To ascribe non-susceptibility to "natural immunity" is confusing if not inaccurate, for there is ample evidence to show that this quality is based on an ability to acquire, under artificial conditions, an active immunity. Russell states that the natural resistance of animals may be considered as nothing more than an ability to develop readily an active immunity. It appears preferable to use the terms nonSusceptibility and susceptibility, the former to indicate ability to develop effective immunity to a given tumor so asto make its continued development impossible, the latter to indicate failure to develop effective immunity in response to an implant of tumor. The two terms find application with respect to both individuals and races. While Japanese waltzing mice furnish an example of an uniformly susceptible, and common mice of an uniformly nonsusceptible race, with respect to a single tumor, with other races and other tumors varying proportions of susceptible and nonsusceptible individuals are found. There are various degrees of susceptibility, and this character is also subject to variation in individuals, since certain animals in which tumor implants would ordinarily grow may be rendered immune and thereby non-susceptible by the injection of normal tissue or poorly growing tumor. Other animals which are non-susceptible may be made non-resistant through appropriate treatment.
Hypotheses in explanation of tumor immunity. Since active immunity to implanted tumor is recognized as an established fact, the question next arises as to the nature of this immunity. A number of hypotheses have been offered in explanation.
The body fluids of immune mice have not been observed to have any direct cytolytic action on tumor cells either in the test tube or in the body of the immune animals. Immunity to homoioplastic implants thus appears to differ from that produced by the injection of the tissue of a foreign species in which cytolysins, precipitins, opsonins, etc., are readily demonstrated.
The possible importance of inter-current bacterial infection in tumor immunity has been emphasized by Pitzman, who claims that infected tumors confer protection whereas non-infected tumors do not. This is not in accordance with many well established facts, and it is especially difficult on this basis to account for the constant appearance of an inflammatory reaction around implants in one variety and its absence around implants in parallel series of another variety of mice. It is likewise difficult on the hypothesis of immunity through concomitant infection to explain the occurrence of an inflammatory reaction only around living tumor, its prompt subsidence as soon as the latter becomes wholly necrotic, and also the failure of necrotic tumor to produce immunity. In order to put this hypothesis to further test a tumor infected with a non-pathogenic bacillus was ground in salt solution and filtered through filter paper. The filtrate was inoculated subcutaneously into a series of mice and later these, together with an equal number of controls, were inoculated with tumor contaminated with the same bacillus. Implants taken twenty and twenty-six hours after inoculation showed in the treated mice more polymorphonuclear leucocytes in foci around the tumor than was the case in the controls. After forty-eight hours, however, the implants in the treated animals showed prac-tically no infiltration and were developing under more favorable cmditjons than the controls. These findings are not, therefore, in accord with the view that tumor immunity is brought about through bacterial infection.
Athrepsia, or deficiency on the part of the body fluids with respect to certain substances essential for the nutrition ofthe tumor, fails to account for both the vigorous temporary growth in non-susceptible animals, and also the inflammatory reaction which precedes the destruction of the tumor.
The hypothesis that something is produced in the immune animal which renders inert the products of the tumor and so inhibits the proliferation of stroma and blood-vessels has been advanced by Russell and others. While this would not account for the retrogression of large established tumors, we have no evidence to disprove that this mechanism applies to certain cases in which there is no active inflammatory process about the implant. Theoretically, it would appear quite probable that, in instances where the tumor cells were less foreign in nature, the immune body produced may call forth no excessive reaction on the part of the host tissue and nevertheless be sufficient to inhibit the stimulating effect of the tumor on the growth of bloodvessels and connective tissue.
From the observations already alluded to, it appears evident that a large proportion of tumor implants in non-susceptible mice are at first provided with both s t r o m and blood-vessels, but later on become isolated from healthy supporting tissue by an inflammatory reaction manifested by abundant cellular exudation and degenerative changes in the tissue around the tumor. This delayed reaction of the host tissue is difficult to explain except on the hypothesis that an immune body has been produced. Since there is no available evidence indicating the plurality of immune substances in tumor-immune animals, and in view of the failure to demonstrate lysins, precipitins, or any of the recognized immune bodies, it appears justifiable for purposes of discumion to speak of the protective material present as a single substance or immune body. With an immune body present, the tumor products are rendered strongly chemotactic so that the surrounding tissue, as well as the implant, becomes infiltrated with leucocytes. The reaction is not merely exudative in character but is proZ<feratiue as well, for there is a great increase in the number of fibroblasts in the surrounding tissue, and these increase in size as in granulation tissue. That others have attached so great importance to lymphocyte infiltration may be due in part to difference of materisl, to the period at which the process was studied, or to a failure to recognize all the constituents of the reaction. From both the material on which the present study is based, and from the illustrations of other authors, it is evident that we have in general to deal, not with an infiltration of a single type of cell but with an inflammation which may vary somewhat with the material though more especially with its duration. Thus in immunized mice, the reaction is more prompt and polynuclear leucocytes are more numerous, while in untreated nonsusceptible mice the reaction appears later-not earlier than the seventh day-and here the lymphocytes occur in greater numbers. In both instances the reaction mltnifests itself in the formation of granulation tissue in which proliferative as well as exudative activity is evident.
The p d e staining and vacuolation of the cytoplasm, the swelling of the nuclei, and the absence of cell division are taken as indices of degeneration in the tumor epithelium. Such degenerative changes are of frequent occurrence in implanted tumor epithelium, even in susceptible animals, and they usually occur in those portions of the epithelium farthest from the host tissue, i.e., from the source of nutrition. From the fact that the features of tumor cell degeneration are the same in both susceptible and immune animals, from the gradual progress of this degeneration, and from the visible evidence of a reaction which tends to isolate the tumor from healthy tissue, it is evident that the destruction of the tumor is accomplished by the formation of an immune body which modifies the response of the host tissue.
The number of lymphoid cells in the inflammation around the tumor implant was regarded as significant by Da Fano who has concluded that it is through the agency of the lymphocytes that immunit,y is produced. Murphy has arrived at similar conclusions after having found that a rat tumor may be grown in chick embryos in the absence of lymphoid tissue, and that the introduction of certain adult tissues, such as spleen or lymphnode, is sufficient to prevent this. Baeslack has shown a relative increase in the number of lymphocytes in the blood in the course of the retrogression, and a relative decrease during the active growth of tumors. Murphy and Morton, who have made a study of the blood counts in artificially immunized, naturally non-susceptible, and susceptible mice, have also demonstrated LL very marked absolute increase in the number of lymphocytes during the retrogression of implanted tumors. In neither of these articles has the possibility of differences in the leucocyte content of the blood of the tail vessels and that of the heart in rats and mice been discussed. That the white count from the blood of the tail vein may vary within wide limits has been pointed out by Klieneberger and Karl and this has been the experience of the author. Since the white count of the blood of the tail vein may vary more than 100 per cent and is usually much higher than that of the heart's blood, and since differential counts show that the lymphocytes are approximately 20 per cent more numerous in blood from the tail, the indicated increase in the number of lymphocytes in the blood of immune mice is probably greatly exaggerated. The charts presented by Murphy and Morton show no increase in the lymphocyte count of the immunized mice except on the introduction of tumor tissue. Thus the lymphocyte count in the immunized mouse is shown at precisely the same level before and after the immunizing injection, and yet it would not be denied that an animal so treated now possesses qualities which were previously absent, or in other words had become immune-a point of considerable significance. This, together with the fact that these authors were able to lower the resistance of immunized animals by exposure to the X-rays, which are known to have a destructive action on lymphoid cells and other leucocytes, lends additional support to the hypothesis already outlined, i.e., that resistance to transplanted tumor is dependent upon (1) the presence of an immune body which, in the presence of the tumor, either produces injury or otherwise renders the implant chemotactic, and (2) an ability of the tissues to respond to this with an inflammatory reaction which isolates and destroys the implant.
Although it may be possible by repeated X-ray radiation in appropriate amounts to render both naturally non-susceptible and artificially immunized animals favorable for the growth of implanted tumor, there is in the physiological mechanism thus destroyed nothing specific to tumor immunity. It is inconceivable that there should be sufficient differences in the lymphocyte content of various classes of mice to account for their differences in susceptibility to a given tumor. In fact, other publications by one of these authors tend to show that X-ray radiation tends to lower resistance to a variety of disease-producing agents. The X-ray may evidently destroy the ability of the organism to respond to a certain type of injury with a corresponding type of inflammatory reaction and, applied to tumor immune animals, it in this way decreases their resistance.
It thus appears most probable that at least three factors are concerned in the process of the elimination of implanted tumor. First, antigen which diffuses from living tumor cells; second, antibody which in the presence of antigen renders the implant positively chemotactic; and third, in response to this an inflammatory reaction. With the formation of this immune body tumor products which had previously produced a mild proliferation of the surrounding host tissue are now made strongly chemotactic to leucocytes, and probably slightly injurious to the surrounding tissue. Whether another substance such as complement is necessary in this reaction has not been demonstrated. With the material at hand there is no evidence of a specific chemotactic influence on the lymphoid cells, for different varieties of wandering cells are attracted and other cells stimulated to proliferate. The character of the inflammatory reaction varies here as elsewhere both with the degree of excitation and with the duration of the process. The lymphoid cells preponderate in the milder and more prolonged reaction, polymorphonuclear leucocytes and endothelial phagocytes in the more prompt and pronounced reactions, and the reaction of the connective tissue is also an important factor.
Passive immunity. Following the recognition of the immunity of mice in which large implanted tumors had retrogressed, attempts were made to produce pass:ve immunity and through the use of the serum of such immune mice to cure other mice of their tumors. Although success was at first reported, a further trial of such supposedly immune serum was attended with no more frequent retrogression than occurred naturally. In the light of the difficulty in curing established tumors, it is remarkcble that no greater effort has been made to demonstrate passive immunity with respect to subseyuently implanted tumor. While Gaylord, Clowes and Baeslack found that the treatment of mice with immune serum appeared to have the effect of lowering the number of takes from subsequent implants, Weil found that the similar treatment of rats with immune serum failed not only to influence the growth of established tumors, but also to prevent the growth of subsequent implants of sarcoma. He was also unable to demonstrate the presence of an immune body by passive sensitization of guinea-pigs with the serum of tumor immune rats. In this instance both the immune plasma and the tumor were derived from a single species, the rat, so that less pronounced results might be expected than in immunity to a foreign proteid.
In fact, these results are not inconsistent with the presence of an immune body which influences the reaction of the host but does not directly destroy the tumor cells. It has appeared probable that by histological study reactions may be detected which are not demonstrable jn the gross phenomena attending the experiment. The object of the following experiment was to ascertain whether the injection of immune serum at the time of the implantation of tumor in susceptible mice would prevent or in any way influence growth and also whethcr this in any way modified the reaction of the host tissue to the implant.
Experiment
With a view of conferring a passive immunity to carcinoma J. w. A on Japanese waltzing mice, an immune serum was obtained from nonsusceptible mice which had been previously immunized by implants of Japanese waltzing mouse tumors. The group of non-susceptible mice employed consisted of eight F?, two Fa, and seven F, hybrids which had been inoculated on July 27, 1915 with sarcoma J. w. B with negative result. These were inoculated again on Oct. 11, 1915, with carcinoma J. w. A. On bacteriological examination of this tumor no organism was found either in smear or culture. Fifteen days later-Oct. 26-the blood of these mice was collected and defibrinated. With the exception of one mouse which showed a consolidation of a portion of the lung, all appeared in a healthy condition. The blood was kept at a low temperature for about one hour, then centrifugated and the serum used immediately. That the serum was somewhat tinged with red may possibly have been due to pooling the bloods of so many animals.
October 26, 1915. Thirty-six Japanese waltzing mice were employed for the test and these were grouped in three series and treated as follows.
Series I. Twelve controls each received an implant of tumor J. w. A. beneath the skin just posterior to the fore leg.
Series 11. Twelve mice received each a subcutaneous injection of 0.3 cc. of the immune serum and immediately following this an implant of tumor J. w. A. The serum was injected into the back just anterior to the tail, while the tumor was implanted behind the fore leg as in the controls.
The bits of tumor used to inoculate the remaining twelve mice were first placed for about one hour in the small amount of serum left over from the preceding series.
At fixed intervals an animal from each of the three series was killed in order to obtain the tissues for histological study. Six from each series were killed and the others left, to observe any differences in the growth of the implants. (A non-pathogenic bacillus was found in cultures from the tumor here employed.) Series 111.
Although the implants were smaller at the end of the first week in certain mice of the two series in which immune serum was used, the subsequent rate of growth of the tumor was more rapid in these than in the controls, so that at the end of four weeks all were larger than the largest tumor of the control series. Since the numbers were small, these results are only significant in showing that the immune serum administered at the time of implantation did not prevent the development of the tumor in susceptible mice, and that after a short interval it may have had a stimulating rather than a retarding effect on its growth.
No marked histological differences in the reaction of the tissues of the animals of the control series and of those which had received serum-soaked tumor were observed. Readily distinguishable differences with respect to reaction to the tumor implant were noted, however, in the animals treated with immune serum. The tumor epithelium of the 24 and 26 hour implants in the serum-treated series showed few mitotic figures, although these were numerous in the control implants at this time. There was in all implants of the treated animals an extensive degeneration of the tumor epithelium and the living remnants were scattered in isolated islands, whereas in the controls the living tumor formed a more or less continuous peripheral layer. The swelling, pale staining, and vacuolation of cells may be taken as evidence of degeneration, since such changes me ordinarily found in the living portions of implants bordering on the necrotic interior and farthest from the source of nutrition. Although the degeneration of the implanted tumor in the treated mice appeared to be of the same general character as in the untreated, it was more pronounced in the former, and this difference with respect to the extent of the degeneration increased for a t least five days. Infiltration of the interior of the implant with polymorphonuclear leucocytes appeared early-twenty-six hours-and persisted for at least four days. The interior of the control implants, although necrotic, was not in any case markedly infiltrated. For three days the amount of collagen in and around the implants was the same in all three series. There was, however, a marked excess of this material within the four and five day implants of the serum-treated mice. The tumor appears to require a somewhat cellular connective tissue for its growth, and the abnormal intercellular substance which appeared in the serum-trea ted mice was evidently unsuitable in this respect.
From these observations it is evident that the injection of irnmune serum modified the reaction of the tissues of the implant and host, although not sufficiently to prevent the later development of the tumor. It is possible that the immune serum injected contained a constituent which was slightly toxic for the tumor epithelium, as was indicated by the absence of mitotic figures for a time, and by a degeneration which continued for several days, although it is to be noted that similar degenerative changes were commonly found in portions of implants at a distance from the source of nutrition. It is clear, however, that the immune serum has rendered the implant, especially its necrotic and degenerating portions, positively chemotactic to polynuclear leucocytes. Appearing somewhat later-four days after inoculation-there was an increase of collagen within the implant, and phagocytic cells also appeared. The implanted tumor thus encountered in the serum-treated animals conditions which, although transitory and not sufficient to accomplish passive immunity, were nevertheless definitely unfavorable to its development. It should be noted that the transplantable tumor for which the immune serum was prepared encounters conditions in the Japanese waltzing mouse unusually favorable for its growth so that it is not improbable that effective passive immunity with respect to subsequently implanted tumor may be produced by employing other material.
The fact that blood and other normal tissue may be employed as well as tumor tissue in the production of immunity to the latter, indicates that there is no marked degree of tissue specificity in the immunity which develops, but it is probable that there is a considerable degree of racial specificity with respect to the genetic origin or foreignness of the antigens. That certain tumors, however, show greater differences in their immunizing qualities than the embryonic tissues from which they have arisen will be shown later on by the results obtained in the transplantation of hybrid tumors to the parental stocks.
Foreignness of tumor with respect to host a requisite of tumor immunzty and a n explanation of the inheritance of susceptibility to implanted tumor. A carcinoma which originated in the Japanese waltzing mouse is found to grow in practically every individual of this variety in which it is implanted. On the contrary, it fails to grow in every instance on implantation in the common mouse. By cross-breeding these two varieties successive generations of hybrids have been obtained, the first of which has been back-crossed with both parent stocks. The results obtained from
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the implantation of this tumor into mice of the various filial generations, and into mice derived from all other matings, are shown in the accompanying chart. The susceptibility of each class has been tested by the simultaneous inoculation of comparative series of mice with a single tumor. The material here considered collectively includes that which has been previously presented by the author, as well as that collected recently in collaboration with Little.
It is quite apparent from these data that susceptibility is not inherited as a single mendelizing factor, for both in the successive filial generations and in the back-crosses between the first filial generation and the parent stocks, the results do not furnish a ratio characteristic of single factor inheritance. There is no blending inheritance, for the results are not intermediate but correspond closely with those obtained in one or the other of the parent stocks. The only hypothesis upon which we can explain these results is, that susceptibility, or non-susceptibility is dependent upon the presence of a complex of independently inherited unit factors. Upon the number of factors necessary for susceptibility will depend the results obtained in the second filial generation. If a few factors are necessary, a considerable proportion of the individuals of this generation should prove susceptible; if a larger number of factors are necessary, then a smaller proportion of the individuals of this generation should be susceptible. In the F1 hybrids, all the inheritable factors of each parent will presumably be present in a single representation. On the principle that these factors will be segregated in the germ cells of this generation, it is possible to compute the results of the random combination of any number of factors which will occur in the mating of the F, animals. Although the nature of the material employed makes large numbers requisite for an accurate estimation of the number of factors involved, the results obtained indicate that susceptibility to this tumor is dependent on the presence of a large number of independently inherited factors. Our results with the two stocks of common mice recently employed are such as would be obtained if the presence of from twelve to fourteen such factors were necessary for susceptibility. 
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The e$ect of a single representation of factors on susceptibility. Although the factors from both susceptible and non-susceptible parent stocks must necessarily be present in the F1 hybrid, it is apparent that those necessary for susceptibility, although here only singly represented, are in the greater part of our material as effective as when doubly represented in the Japanese waltzing mouse. Conversely, the factors necessary for non-susceptibility, although all present in the same F1 hybrids, are ineffective when singly represented or in half dose. That this will not hold true in the cross-breeding of every stock of the common with the Japanese waltzing mouse is clearly indicated jn certain earlier experiments. The difference between the percentage of positive results obtained in the F1 hybrids and in the Japanese waltzing mice in recent experiments might possibly be attributable to faulty technic, since only one F1 animal (1.6 per cent) failed to grow the tumor. In a previous investigation a slightly higher proportion of failures occurred, and the fact that most of these were in F1 hybrids ("Alien" F1 hybrids) which were derived from another stock of common mice indicates that a single representation of the factor complex of non-susceptibility may in some instances prove effective. The non-susceptibility of certain of these negative Fl hybrids was established by the negative results of reino cu la tion.
The efect of single representation of factors o n the rate of growth. Notwithstanding the presence of the factors of non-susceptibility in the F1 hybrid, the rate of tumor growth is usually more rapid than in the Japanese waltzing mouse. This fact was established in the earlier experiments by weighing the tumors after equal periods of growth in a comparative series of mice. Subsequent experience has slso shown that the tumor grows, on the average, more rapidly in the F1 hybrids. It is probable that this increase in the rate of tumor growth is due to certain factors furnished by the non-susceptible parent stock. While we are unable to recognize the individual factors concerned, it might be expected that the more rapidly growing and larger hybrids supply the tumor with more abundant nutrition than is the case with the more slowly growing and smaller Japanese waltzing mice. It is found, however, that the tumor grows more rapidly than in Japanese waltzing mice, not only in young growing but also in full-grown F, hybrids. The presence of certain singly represented factors of non-susceptibility evidently calls forth a greater growth of stroma and blood-vessels, so that they in this way appear to have a stimulating effect on the growth of the tumor. The injection of the serum of immunized mice also has been shown to have a transitory retarding but a later stimulating effect on the growth of tumor J. w. A. in the susceptible Japanese waltzing mouse.
Factor representation in retarded growth. Although in recent experiments, 3 of 183 hybrids of the second filial generation have shown progressively growing tumors, the rate of growth has been much slower than in the Japanese waltzing or F1 hybrid mice.
From this it appears probable either that not all of the factors found in the Japanese waltzing mice are present even in a single representation, or that certain of the factors of non-susceptibility become effective through double representation in these positive F, mice, for otherwise there is nothing to account for a rate of growth so comparatively slow. In addition to these individuals in the F, generation in which the tumor grew progressively, there were certain others in which the tumor grew for a time but eventually disappeared. For these it is necessary to assume a still more limited representation of certain factors with a correspondingly greater representation of others.
These results having been interpreted from the viewpoint of genetics, it is now important to consider them in the light of what is established for tumor immunity. It has already been pointed out that non-susceptibility of a class of animals to implanted tumor is to be regarded as an ability to acquire an active immunity, and conversely, susceptibility as an inability to develop active immunity to a given tumor. If a single tumor be empIoyed as a constant with which to test various groups of mice, it may be found that the race in which it originated is susceptible whereas another race is non-susceptible. Non-susceptibility is thus based on foreignness or unlikeness with respect to races, so that when the tissue of one is introduced into the other active immunity is developed. The science of genetics has already established a series of independently inherited unit factors for a considerable number of species, including the mouse. In the consideration of foreignness or unlikeness, what else could be possible than that, in the comparison of individuals or races, some should differ with respect to few factors and others with respect to many factors? Thus the conception of foreignness or unlikeness not only furnishes a basis for tumor immunity, but also makes more comprehensible the inheritance of susceptibility to implanted tumor.
Foreignness as a basis of certain biological differences in tumor. If groups of mice of known character are used as constants with which to test various tumors, differences in the behavior of the latter are detected, even though they may have arisen in a single inbred race. It assists materially in the explanation of results if these biological differences are recognized. Certain tumors occur which are transplantable in only a small proportion of cases, even in closely related animals. The conditions requisite for their growth are found rarely apart from the individual in which they arise, i.e., a slight degree of foreignness on the part of the host tissue is fatal to them. For other tumors fewer conditions or factors are necessary, and such, since they are able to withstand a higher degree of foreignness on the part of the host, develop on transplantation in a greater proportion of cases. Such differences in the capacity of a number of tumors for growth in various classes of mice are shown in the following table.
The biological difference or foreignness of tumors with respect to one another and to the normal somatic tissue from which they arise, is a point of considerable significance. To illustrate: a tumor (H. F.) which arose spontaneously in an Fl hybrid has been implanted into other individuals of the same generation, and into the parent stocks of common and Japanese waltzing mice. Now the animal in which this tumor appeared grew as an embryo upon the uterine mucosa of its common mother, without the appearance of any incompatibility between the embryonic and maternal tissue. Since the tumor which has arisen from the somatic tissue of this mouse fails to grow in either of the parent stocks, it would appear probable on this basis that it differs from the soma with respect to its ability to grow on a given soil. Loeb, however, has already called attention to the absence of antagonistic reaction in utero between the maternal and the somewhat foreign embryonic tissue. This F1 tumor appears to have required factors for its growth which were not all furnished by either the common or the Japanese waltzing mouse nor by all F1 hybrids. It might be expected that in the cells of this tumor, as in other somatic cells of the F1 hybrid, there would be an equal representation of factors of both parents. The only alternative would be to consider the hybrid tumor as a manifestation of mosaic inheritance and thus corresponding more closely in its character to the soma of one or the other parent stock.
If such were the case, however, it would be expected that this tumor would grow in one of the parent stocks, at least as well as in the F1 hybrids; but the results are otherwise. The Japanese waltzing mice in which it failed to grow were all found to be susceptible to tumor J. w A., J. w. B. or J. w G., so that its failure is to be attributed to feeble growth power, i.e., inability to grow in the presence of even a few foreign factors, rather than to any unusual immunizing property.
Another tumor (H. G.) which arose in a back-cross hybrid from the mating of an F1 hybrid with a common mouse, failed to grow in common as well as Japanese waltzing mice, although closely related to the former.
Differences in behavior with respect to transplantability are found not only in tumors arising from heterogeneous stocks, such as the Jensen and Ehrlich Stamm 11 carcinomata, but also in tumors arising in inbred stocks such as the Japanese waltzing mouse. The behavior of the tumors arising in the F1 hybrids can not be accounted for on the basis of characters derived either from one of the parents or from both, but only on the basis of the appearance of modifications or new characteristics.
From the evidence in the biological character of tumors of a permanent modification of somatic tissue, it appears logical to regard a tumor as a manifestation of somatic mutation. As a basis for this, there may be modification in the relative value .... ..... either by loss or addition, or in the nature of factors, any of which, if continuously transmitted thereafter in successive cell generations will constitute a type of mutation. This, unlike the mutations which may affect the germ plasm, is maintained only through artificial transplantation from one individual to another. The tissue of a new growth has thus in certain respects become foreign to the other tissues. Its growth is no longer controlled by the normal inhibiting influences which constitute a regulating mechanism, but it behaves more or less as a parasite living a t the expense of its host; and it may excite a reaction of the surrounding tissue which is in some cases more favorable, in other cases less favorable, to its continued growth. Malignant tumors must have feeble antigenic power as well as sufficient resistance to the normal inhibiting influences to provide for continued growth in the animal in which they originate, otherwise reactions sufficient to destroy them would occur more frequently. The results of the experimental investigation of tumors, as well as of clinical and pathological observation, .appear to favor the following conception of the nature of tumors and their relationship to the other tissues.
The inter-reactions of the normal tissues are mutually beneficial so that their relationship is one of symbiosis.
The anomalies and benign growths, while not distinctly harmful, are usually of no benefit to the individual; the relationship is one of commensalism.
The malignant tumors are in many respects parasitic in nature, especially since they develop at the expense of the other tissues of the body. They are so adapted for growth, once they have become established, that they seldom arouse any effective resistance on 'the part of the body. There is some evidence, however, of a local reaction of tissues unfavorable to the growth of many different types of tumors.
Immunity to transplanted tumor is based on foreignness or incompatibility of tumor and host. This holds true whether the tumor or the animal is taken as the constant factor with which to test the other. Although the degree of foreignness is not sufficient for the production of markedly cytotoxic or cytolytic
Conclusions.
sera, as when different species are employed, it appears probable that an immune body is formed which, in the presence of the antigen-or living tumor-excites an inflammatory reaction in the tissue around the tumor so that the latter is isolated and eventually destroyed.
Both susceptibility and non-susceptibility, or the ability to acquire immunity, are inherited, not as a single unit factor but apparently as a complex of mendelizing factors. Non-susceptibility and susceptibility are apparently based on factor differences, or, in other words, on unlikeness or foreignness. Nonsusceptibility may thus depend with one tumor on a difference with respect to few factors, and with another tumor on a difference with respect to many factors. In the comparison of a stock of Japanese waltzing and several stocks of common mice, the nonsusceptibility of the latter to a carcinoma, J. w. A., is based on a difference with respect to a large number-probably twelve to fourteen-of independently inherited factors.
Susceptibility is in this matezial a dominant character, since it is manifested when its factors are present in a single representation, as in the Fl hybrid. The presence of a single representation of the factors of non-susceptibility in the F1 hybrid apparently stimulates the growth of the tumor, for its rate of growth is more rapid than in the Japanese waltzing mouse in which the factors of susceptibility are doubly represented.
There are marked differences in the behavior of various tumors on transplantation in given classes of mice. Even tumors arising in homogeneous races show such differences, and this may be attributed to the acquisition of new characteristics by the soma which are manifested in the development of the tumor. The tumor, since it breeds true with respect to these characteristics in the course of artificial propagation, may be regarded as a modification of the somatic tissue which may be termed somatic mutation.
